Objectives This study sought to test the noninferiority of triple antiplatelet therapy (TAT) versus double-dose clopidogrel dual antiplatelet therapy (DDAT) in patients undergoing percutaneous coronary intervention (PCI).
Antiplatelet regimen is an integral component of medical therapy after percutaneous coronary intervention (PCI). In particular, the inhibition of platelet reactivity in the first month post-PCI is known to be critical in preventing thrombotic events (1) because high on-treatment platelet reactivity (HOPR) is reported to be associated with higher risk of thrombotic cardiovascular events such as cardiovascular death, myocardial infarction (MI), stroke, and stent thrombosis (2) (3) (4) (5) (6) . One week of doubling the dose of clopidogrel was shown to improve outcome at 1 month compared with the conventional dose in acute coronary syndrome (ACS) patients undergoing PCI in the CURRENT-OASIS (Clopidogrel and Aspirin Optimal Dose Usage to Reduce Recurrent Events-Seventh Organization to Assess Strategies in Ischemic Syndromes) 7 trial (7) . Yet in East Asia, the addition of cilostazol to dual antiplatelet therapy (triple antiplatelet therapy [TAT] ) is used more commonly than doubling the dose of clopidogrel (double-dose dual antiplatelet therapy, [DDAT] ). In addition, pharmacodynamic studies and some observational studies showed promising results with regard to the adjunctive use of cilostazol (8) (9) (10) (11) (12) . However, there has been no large-scale head-to-head comparison of TAT with DDAT to date with regard to clinical outcome. The purpose of the present study was to generate evidence of the rationale for using TAT in patients undergoing PCI by confirming the noninferiority of TAT compared with DDAT at 1 month post-PCI in a nearly all-comer population undergoing PCI with exclusively drug-eluting stents.
Methods
Study design and patients. The HOST-ASSURE (Harmonizing Optimal Strategy for Treatment of Coronary Artery Stenosis-Safety & Effectiveness of Drug-Eluting Stents & Anti-platelet Regimen) trial was a prospective, randomized, blinded endpoint evaluation, multicenter trial conducted at 40 sites in the Republic of Korea. The study design was previously published (13) . Briefly, the study had a 2 Â 2 factorial design in which randomization was performed for the type of drugeluting stent and type of antiplatelet therapy. Participating patients were randomized 1:1 to either TAT or DDAT and 2:1 to either platinum-chromium-based everolimus-eluting stents or cobalt-chromium-based zotarolimus-eluting stents. The trial was coordinated by the investigators at the Cardiovascular Clinical Research Center at Seoul National University Hospital. The data were independently managed by a contract research organization (Dream CIS Inc., Seoul, Republic of Korea). The primary data analysis was performed by the investigators with cooperation from Dream CIS Inc. The executive committee, with assistance from the steering committee, was responsible for the study design, conduct, management, manuscript preparation, and decision to submit the manuscript for publication. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication. An independent data safety monitoring board reviewed the unblinded data. The study was approved by all local ethics committees at the participating centers, performed in accordance with the Declaration of Helsinki, and all participants provided written informed consent. All authors vouch for the accuracy and completeness of the data and analyses.
Patients. Trial participants were 18 years of age or older and had at least 1 clinically significant stenotic lesion amenable to PCI in the coronary artery or venous or arterial bypass grafts. The trial entry criteria were broad with no exclusion criteria for lesion type, the number of stents used, the number of lesions treated, or the diagnosis at presentation. Major exclusion criteria were severe left ventricular systolic dysfunction (ejection fraction <25%), cardiogenic shock, an increased risk of bleeding as evidenced by a history of bleeding diathesis, known coagulopathy, gastrointestinal or genitourinary bleeding within the previous 3 months, or major surgery within 2 months. Details of the eligibility criteria are described in the Online Appendix. Study procedures and follow-up. Patients were randomly assigned to receive either TAT or DDAT, and PCI was performed according to the standard techniques. Before the index PCI, all patients received loading doses of 300 mg 
Adjunctive Cilostazol Vs. Double-Dose Clopidogrel After DES Implantation aspirin and 300 to 600 mg clopidogrel. Patients randomized to the TAT group received an additional loading of 200 mg cilostazol (Otsuka Pharmaceutical, Seoul, Republic of Korea) followed by twice-daily 100-mg maintenance dose for 1 month. Those randomized to the DDAT group were maintained on a 150-mg/day maintenance dose of clopidogrel for 1 month. Unfractionated heparin was administered throughout the procedure to maintain an activated clotting time of !250 s. Administration of glycoprotein IIb/ IIIa inhibitors was at the discretion of the treating physician. After the procedure, all patients were recommended to receive optimal pharmacological therapy including statins, beta-blockers, angiotensin-converting enzyme inhibitors, and angiotensin receptor blockers at the discretion of the treating clinicians. Additionally, each investigator was advised to emphasize the importance of cardiovascular riskfactor modification to patients. Outcomes. The primary endpoint was net clinical outcome, defined as a composite of cardiac death, nonfatal myocardial infarction, stent thrombosis, stroke, and PLATO (Platelet Inhibition and Patient Outcomes) (14) major bleeding at 1 month. Secondary endpoints included all of the individual components of the primary composite endpoint along with all death, PLATO minor bleeding, target lesion revascularization, and target vessel revascularization. Clinical events were defined on the basis of the recommendations of the Academic Research Consortium (15) . All deaths were considered cardiac unless a definite noncardiac cause could be established. MI was defined as the presence of clinical signs of MI combined with a creatine kinase-myocardial band fraction or troponin T/troponin I increase higher than the upper normal limit. Stent thrombosis was defined as definite or probable stent thrombosis according to the Academic Research Consortium classification. Stroke, as detected by the occurrence of a new neurological deficit, was confirmed by a neurologist and on imaging. PLATO major bleeding included life-threatening major bleeding (fatal, intracranial, or intrapericardial bleed with cardiac tamponade or hypovolemic shock or severe hypotension requiring pressors or surgery, associated decrease in hemoglobin >50 g/l, or transfusion of !4 U of whole blood or packed red blood cells) or other major bleeding (significantly disabling bleeding such as intraocular bleeding with permanent vision loss, associated decrease in hemoglobin 30 to 50 g/dl, or transfusion of 2 to 3 U of whole blood or packed red blood cells). An independent clinical event adjudication committee, whose members were unaware of the study group assignments, assessed all of the clinical endpoints. All endpoints were analyzed on an intention-to-treat basis. In the secondary per-protocol analysis, patients who were adhering to allocated therapy at 1-month clinical follow-up, as well as those adhering to allocated therapy at the occurrence of clinical events were included in the analysis. In a subgroup of patients, platelet function tests using the VerifyNow P2Y 12 assay were performed at baseline (12 to 24 h after a loading dose of clopidogrel 300 to 600 mg with or without cilostazol 200 mg) and at 1-month follow-up under maintenance dose (clopidogrel 75 to 150 mg/day with or without cilostazol 100 mg twice daily). The assay at followup after maintenance dose treatment was recommended to be performed 2 to 6 h after administration of the morning dose. Statistical analysis. With the assumption that the primary outcome rate would be 2% and 3% in the TAT and DDAT group, respectively, we estimated that 3,750 patients would be required for the study to have >90% power to show noninferiority of TAT at an alpha of 2.5% and a noninferiority margin of 0.75%. The primary analysis was performed on an intention-to-treat basis. Continuous variables were presented as mean (SD) and compared using the Student t test. Categorical variables were presented as counts and percentages and compared using the chi-square or Fisher exact test, as appropriate. Time to first event was estimated using the Kaplan-Meier method. If the upper limit of a 1-sided 97.5% confidence interval (CI) of the difference was less than the pre-specified noninferiority margin, TAT would be considered to be noninferior to DDAT. Time-to-event curves were compared using the log-rank tests. Hazard ratios with 95% CIs were estimated using the Cox proportional hazards method. The consistency of treatment effects in pre-specified subgroups was assessed using Cox regression models with tests for interaction. p Values and CIs were 2-tailed except those for noninferiority testing of the primary endpoint. We also performed per-protocol analysis among patients who adhered to the study protocol. All analyses were performed using SAS version 9.1 (SAS Institute, Cary, North Carolina).
Results
Characteristics of study patients. From June 2010 to November 2011, we enrolled 3,755 patients from 40 centers in the Republic of Korea. These patients were randomly assigned to TAT (n ¼ 1,879) or DDAT (n ¼ 1,876). The flow of the patients enrolled is shown in Figure 1 . The baseline characteristics were mostly well balanced between the randomized groups, except mean age and the frequency of a history of MI, which was slightly higher, and the frequency of peripheral arterial disease, which was slightly lower in the DDAT group (Table 1) . There were no differences in hemoglobin, platelet count, and low-density lipoprotein cholesterol levels between the 2 groups. The baseline procedural characteristics and the use of nonstudy medications up to 1 month of follow-up were also mostly well balanced between the 2 groups, except for the use of calcium channel blockers, which was slightly higher in the DDAT group (Table 2) . Of the patients, 65.5% presented with ACS, 53.8% had multivessel disease, 3% underwent PCI for significant left main disease, and 16.2% patients underwent PCI for bifurcation lesions reflecting the allcomer nature of the patients enrolled in the study. Clinical outcome. The primary endpoint of net clinical outcome at 1 month post-PCI, a composite of cardiac death, nonfatal MI, stent thrombosis, stroke, and PLATO major bleeding, occurred in 23 patients (1.2%) in the TAT group and 27 patients (1.4%) in the DDAT group (Table 3 , Fig. 2) . We confirmed the noninferiority of TAT with an absolute risk difference of À0.22% and an upper limit of the 1-sided 97.5% CI of 0.52% (p ¼ 0.005 for noninferiority; prespecified noninferiority margin, 0.75%). Regarding superiority, there was no significant difference between the 2 treatment groups (hazard ratio: 0.85; 95% CI: 0.49 to 1.48; p ¼ 0.558 for superiority). The rates of the individual components of the primary endpoint showed similar trends. The risks of cardiac death, nonfatal MI, stent thrombosis, stroke, and PLATO major bleeding did not differ significantly between the 2 groups. There was no significant interaction between the antiplatelet regimen and stent randomization arms regarding any study outcomes. In a landmark analysis at 1 week, there were no differences between the 2 groups regarding the primary endpoint or the major secondary endpoints (Fig. 3) . The rates of PLATO major bleeding were the same in TAT and DDAT groups. PLATO minor bleeding rates were not statistically different, but numerically higher, and occurred in 6 more patients in the TAT group. Subgroup analyses for the primary outcome showed no significant interaction between different subgroup including clopidogrel loading dose and the treatment effect of TAT versus DDAT (Fig. 4) . Compliance with study regimen and per-protocol analysis. After randomization, allocated therapy was given in 97.4% of the patients allocated to the TAT group and 92.2% in the DDAT group, respectively (p < 0.001). Of the patients allocated to DDAT, 5.2% refused the additional dose of clopidogrel. Up to 1-month follow-up, an additional 5.8% of patients in the TAT group and 5.7% in the DDAT group were nonadherent to the allocated treatment during 1 month of follow-up after enrollment (p ¼ NS). Therefore, at 1-month follow-up, the adherence rates in the TAT and DDAT groups were 91.6% and 86.5%, respectively (p < 0.001). Drug-related adverse events were the major reason for discontinuation of medication in the TAT group (i.e., namely headache, followed by easy bruisability or bleeding, gastrointestinal side effects, skin rash, and tachycardia). In the DDAT group, the major reasons for drug-related adverse events were gastrointestinal side effects and easy bruisability. In the per-protocol analysis, the primary outcome occurred in 1.2% in the TAT group and 1.6% in the DDAT group (À0.43% absolute risk difference, 0.37% 1-sided 97.5% upper CI, p ¼ 0.002 for noninferiority; hazard ratio: 0.73; 95% CI: 0.42 to 1.30, p ¼ 0.287 for superiority) (Online Table 2 ). There were also no significant differences in the individual components of the primary endpoint as well as other secondary endpoints. However, spontaneous MI occurred more frequently in the DDAT group in the per-protocol analysis. Platelet function test. In a subgroup of patients (n ¼ 1,356, 36.1%), platelet reactivity was measured using the VerifyNow P2Y 12 assay. The mean on-treatment platelet reactivity Park et al.
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Adjunctive Cilostazol Vs. Double-Dose Clopidogrel After DES Implantation S E P T E M B E R 2 0 1 3 : 9 3 2 -4 2 (OPR) was significantly lower and the percentage of inhibition significantly higher in the TAT group compared with the DDAT group at 12 to 24 h after the loading dose (excluding those treated with glycoprotein inhibitors) and at 1-month follow-up after the maintenance dose, but there still was a wide variability in the platelet reactivity (Fig. 5) . The relative Values are n (%). The primary endpoint was defined as a composite of cardiac death, nonfatal myocardial infarction, stent thrombosis, stroke, and PLATO major bleeding at 1 month. Hazard ratios and p values were calculated using Cox proportional hazards models for the triple antiplatelet therapy group compared with the double-dose clopidogrel antiplatelet therapy group. Platelet Inhibition and
Patient Outcomes (PLATO) major and minor bleeding was defined according to the PLATO criteria.
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Adjunctive Cilostazol Vs. Double-Dose Clopidogrel After DES Implantation difference in OPR between TAT and DDAT, both after the loading dose and at 1 month, was unchanged even after multivariable adjustment for baseline factors (Online Table 4 ). In a plot of only the thrombotic events, a composite of cardiac death, spontaneous MI, ischemic stroke, or stent thrombosis, the OPR was >228 platelet reactivity units at Kaplan-Meier curves show the cumulative incidence of the net clinical outcome (the primary endpoint), a composite of cardiac death, nonfatal myocardial infarction, stent thrombosis, stroke, or PLATO major bleeding (A) and PLATO major bleeding (B). Abbreviations as in Figure 1 . 12 to 24 h after the loading dose in all but 1 event. In the 1 case in which a stroke occurred despite platelet reactivity of 54 platelet reactivity units, the patient had an infection with chronic renal failure, chronic obstructive pulmonary disease, hypertension, dyslipidemia, significant peripheral artery disease, renal artery stenosis, and coronary artery disease Scatterplot of on-treatment platelet reactivity in the TAT and DDAT groups at 12 to 24 h after a loading dose (A) and at 1 month after a maintenance dose (B).
Abbreviations as in Figure 1 .
and experienced multiple cerebral infarctions just after undergoing PCI.
Discussion
In this prospective, randomized, multicenter trial, we found that the adjunctive use of cilostazol for 1 month in addition to conventional dual antiplatelet therapy was noninferior to doubling the maintenance dose of clopidogrel with regard to net clinical outcome. Furthermore, there were no differences between the 2 treatment regimens regarding the individual components of the primary outcome. Potent inhibition of platelet reactivity during the first month after PCI is one of the key factors in a successful outcome. It has been shown in various studies that HOPR is associated with increased risk of thrombotic outcomes (2) (3) (4) (5) 16) , with the most profound association between platelet reactivity and outcome seen in the first month post-PCI (1) . Before the commercial launch of newer antiplatelet agents with less variability such as prasugrel (17) and ticagrelor (18) , doubling the maintenance dose of clopidogrel to 150 mg was the approach used often in high-risk patients such as those with MI, those with documented increased platelet reactivity, and those with genetic risk such as the CYP2C19 loss-of-function carriers (19) (20) (21) (22) . In the OPTI-MUS (Optimizing Antiplatelet Therapy in Diabetes) trial, doubling the maintenance dose of clopidogrel was more potent in inhibiting platelet reactivity in patients with diabetes (23) . In the ARMYDA (Atorvastatin for Reduction of Myocardial Damage During Angioplasty) 150 mg randomized trial, DDAT was associated with higher platelet inhibition, better flow-mediated vasodilation, and lower high-sensitivity C-reactive protein levels than conventional dose clopidogrel therapy (24) . Furthermore, in the CURRENT-OASIS 7 trial, 1-week duration of doubling the dose of clopidogrel was shown to improve clinical outcome at 1 month compared with the conventional dose in ACS patients undergoing PCI (7) .
In the Republic of Korea, as a population, the rate of HOPR exceeds 50% and the frequency of CYP2C19 LOF carriers is >60% (5, (25) (26) (27) . Furthermore, PCI is performed aggressively with left main artery stenting routinely performed along with multivessel stenting. However, the approach taken by physicians in East Asia in these situations is to add cilostazol as a third agent rather than to increase the maintenance dose of clopidogrel. The basis of adding cilostazol in the Republic of Korea comes from pharmacodynamic studies from our group and others that have shown that TAT significantly enhances platelet inhibition (8, 9) . In lesions requiring long stenting and in diabetic patients, studies from the Republic of Korea have reported superior outcomes of TAT over conventional dual antiplatelet therapy regarding inhibition of neointima formation and significantly reduced rates of clinically driven target lesion revascularization (28, 29) . Furthermore, in the post hoc analysis of the CILON-T (Influence of CILostazol-based triple antiplatelet therapy ON ischemic complication after drug-eluting stenT implantation) trial, we showed that mean OPR was significantly lower in TAT compared with conventional dual antiplatelet therapy and that there was a significant trend toward a worse outcome in those with high OPR. However, we could not observe clinical benefits of TAT in that study because the study was underpowered to show differences in thrombotic outcome (30) . Regarding pharmacodynamics, TAT has been shown to be more efficacious with regard to inhibition of platelet reactivity in patients with documented HOPR, patients with diabetes, patients with acute MI, those with chronic kidney disease, and carriers of the CYP2C19 loss-of-function allele, compared with DDAT (11, 12, (31) (32) (33) . However, there has been no large-scale prospective study directly comparing clinical outcomes of TAT and DDAT.
This study was performed to generate evidence of a rationale for using TAT in high-risk situations as is done by many Asian physicians by showing the noninferiority of TAT compared with DDAT. In both intention-to-treat and per-protocol analyses, the absolute rate of the primary outcome was numerically lower in the TAT group, and the 1-sided 97.5% upper CI interval (0.34%) was within the 0.75% pre-specified noninferiority margin. The rates of cardiac death and stroke were almost identical in the 2 groups. Regarding stent thrombosis and nonfatal MI, there were also no statistical differences. However, events occurred slightly less frequently in the TAT group. In the per-protocol analysis, spontaneous MI only occurred in the DDAT group with no events in the TAT group. Regarding bleeding, the rate of PLATO major bleeding was the same in the 2 groups, but the occurrence of PLATO minor bleeding was numerically more frequent in the TAT group, although this was not statistically significant. This may be explained by the results of a platelet function substudy that showed significantly lower OPR in the TAT group. This could have led to the increased minor bleeding, but not major bleeding. Previous studies have shown that bleeding time was less affected by cilostazol compared with other antiplatelet inhibitors (34, 35) . It is thought that the elevation in cyclic adenosine monophosphate levels initiated by cilostazol, a phosphodiesterase inhibitor, leads to the inhibition of activated platelets at the site of vascular injury. In addition, another study suggested that cilostazol does not affect thrombin generation (36) . In this study, we did not observe any differences in treatment effect among various subgroups including those with diabetes and those presenting with ACS. Study limitations. First, the event rates were extremely low at 1 month and lower than expected from the original power calculation. We had expected the occurrence of the primary endpoint to be 3% in the DDAT arm when we designed the study, and with a noninferiority margin of 0.75%, we would have had a >90% power to show the noninferiority of TAT. However, with the event rate being 1.4% in the control arm, there is a chance that we would be accepting as high as a 48% relative risk increase as being noninferior with the number of patients enrolled in the present study. Therefore, we acknowledge that our study is underpowered to concretely prove that TAT is noninferior to DDAT. We would have needed a significantly larger population of patients to prove noninferiority of TAT versus DDAT given that the event rate of DDAT was 1.4% with a noninferiority margin of a relative 25% (absolute 0.35%). Second, there may be a chance of underreporting of events considering the low event rate. However, we performed dedicated periodic on-site monitoring of >30% of the source documents at each site. In addition, it is well-known that event rates after PCI are lower in the East Asian population, especially in the Republic of Korea and Japan (37, 38) . This may be due to unknown genetic factors or may be in part due to the fact that intravascular ultrasound is used much more frequently in everyday practice in the Republic of Korea. In fact, 40% of the patients received IVUS guidance during PCI in the present study. It needs to be noted, in addition, that this study population represents a lower-risk profile than that of the CURRENT-OASIS 7 trial, in which all the patients had ACS and their event rates were shown to be 4.2% to 4.4%. Third, the periprocedural MI rates were also very low. This may be because cardiac enzyme measurement was only done in those with significant chest discomfort and otherwise left to the treating physicians' discretion. It is likely that had we measured cardiac enzymes in all patients, the rates of periprocedural MI would be much higher. Finally, adherence to allocated medication was only 91.6% and 86.5% in the TAT and DDAT group, respectively, which may have affected the outcomes. However, our results were identical whether analyzed by the intention to treat or per protocol.
Conclusions
Although the study was underpowered due to extremely low event rates, the adjunctive use of cilostazol in addition to conventional dual antiplatelet therapy showed comparable rates of clinical outcome and seems to be noninferior to doubling the maintenance dose of clopidogrel in this broad PCI population receiving exclusively drug-eluting stents with regard to net clinical outcome at 1 month.
